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(54) Title of the Invention: A method for the production of Ti-based alloy 
sintered compacts by means of the metal powder injection moulding 
method 

5 (57) Abstract 
Purpose: 

To provide a method for the production of Ti-based alloy sintered 
compacts of which the brittleness is improved 
Constitution: 

1 0 Ti powder of which the surface has been coated with a metal such 

as Ni. Co, Cu, Ag, Au or the like and organic binder are kneaded with a 
maximum shear stress of not more than 2x10^ Pa, injection moulded at a 
maximum shear stress of not more than 2 x 10^ Pa, degreased and 
sintered. 
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Scope of the Patent Claim 

[Claim 1] 

A method for the production of Ti-based alloy sintered compacts by 
the metal powder injection moulding method, characterized in that one or 
5 more type metal powder selected from among the group comprising Ni, Co, 
Cu, Ag, Au is coated onto the surface of Ti powder using a mechanical 
compositing method to a thickness of from 0.05 to 5 fim and kneaded, 
moulded, degreased and sintered. 
[Claim 2] 

10 A method for the production of Ti-based alloy sintered compacts by 

the metal powder injection moulding method, characterized in that Ti- 
based powder where one or more type of metal selected from among Ni, 
Co, Cu, Ag and Au has been coated as a layer of thickness from 0.05 to 5 
Jim on the surface of Ti-based powder using a mechanical compositing 

15 method or a plating method and a binder are kneaded with a maximum 
shear stress of not more than 2 x 10^ Pa, injection moulded with a 
maximum shear stress of not more than 2 x 10^ Pa, degreased and 
sintered. 

Detailed Description of the Invention 

20 [0001] 

Industrial Field of Application 
The invention concerns a method for the production of Ti-based 
alloy sintered compacts by means of the metal powder injection moulding 
method, and more precisely the invention concerns a method for the 

25 production of Ti-based alloy sintered compacts of which the brittleness is 
improved by means of a metal powder injection moulding method in which 
Ti-based powder of which the surface has been coated with Ni, Co, Cu, Ag 
or Au metal powder either as it is or together with an organic binder is 
kneaded with a specified maximum shear stress, degreased and sintered. 

30 [0002] 

Prior Art 

Ti alloys are characterized by having a high specific strength and 
excellent corrosion resistance and so they are used as materials for use in 




aircraft and as corrosion resistant materials in chemical plants for example. 
However, their casting properties and their workability in terms of cutting 
for example are poor and so there are problems with the method , of 
production and the production of Ti alloys is generally accomplished using 
5 the methods of powder metallurgy. In powder metallurgy, the demand for 
the production of Ti alloys by means of the metal powder injection 
moulding method with which the dimensional precision is excellent and 
with which it is possible to produce products which have a complex shape 
is increasing. 
10 [0003] 

The prevention of enbrittlement is an especially important point in 
the production of Ti alloys and so the content of solid solution elements 
such as carbon and oxygen is reduced as far as possible. Furthermore, in 
the metal powder injection moulding method an organic binder is kneaded 

15 with the metal powder and the process then involves moulding the mixture 
and degreasing and sintering operations, but in those cases where active 
Ti-based powder is used the Ti-based powder reacts with the elements 
carbon and oxygen in the organic binder and large amounts of carbon and 
oxygen are included after the degreasing process. In the production of Fe* 

20 based alloys and stainless steels with the metal powder injection moulding 
method it is possible to get rid of the carbon and oxygen which are left 
behind after degreasing by means of a reaction of the carbon and oxygen 
during sintering (Japanese Unexamined Patent Applications Laid Open H2- 
290901 and H2-54701), but with Ti alloys the carbides and oxides of Ti are 

25 stable and so it is impossible to get rid of the carbon and oxygen during 
sintering and there is a problem in that the carbon and oxygen which are 
present after degreasing remain as they are as carbon and oxygen In the 
sinter. 
[0004] 

30 Problems to be Resolved bv the Invention 

The present invention is intended to resolve the abovementioned 
problems and, in more practical terms, it is intended to provide a method 
for producing the required sintered compacts in which any increase in the 




solid solution element such as carbon and oxygen content which results in 
embrittlement of the material in the production of the Ti alloy and the 
introduction of carbon and oxygen into the Ti-based powder during 
kneading, moulding and degreasing in the metal powder injection moulding 
5 method are both forcibly prevented, and which is such that the layer which 
has been coated on the Ti-based alloy is not peeled away in the 
subsequent kneading and moulding processes. 
[0005] 

Means of Resolving These Problems 
10 That is to say. the invention is characterized in that that one or more 

type metal powder selected from among the group comprising Ni, Co. Cu. 
Ag. Au is coated onto the surface of Ti powder using a mechanical 
compositing method to a thickness of from 0.05 to 5 fim and kneaded, 
moulded, degreased and sintered, and it is also characterized in that Ti- 
15 based powder where one or more type of metal selected from among Ni, 
Co, Cu, Ag and Au has been coated as a layer of thickness from 0.05 to 
5 ^im on the surface of Ti-based powder using a mechanical compositing 
method or a plating method and a binder are kneaded with a maximum 
shear stress of not more than 2x10^ Pa, injection moulded at a maximum 
20 shear stress of not more than 2x10^ Pa, degreased and sintered. 
[0006] 

The constitution and action of the means of this invention are 
described in detail below. 
[0007] 

25 Action 

The average particle size of the Ti-based powder which is used in 
the invention is preferably within the range from 0.1 to 100 pim from the 
viewpoints of the fluidity of the compound and the sintering properties of 
the powder. It is most desirably within the range from 1 .0 to 50 ^im. The 

30 fluidity during injection improves as the powder particle size becomes 
smaller and the sintering properties are also good and so this is 
advantageous, but an enormous amount of energy is required to form very 




fine powders of average particle size less than 0.1 \ivn and so this is 
inconvenient in practical terms. If the average particle size exceeds 100 
^irn then the fluidity at the time of injection moulding becomes poor and the 
sintering properties also decline, and the sinter density is not increased. 
5 Furthermore, the Ti-based powder may be a powder which has been 
produced using any method of production such as a hydrogenation 
dehydrogenation powder or a gas atomizer powder. 
[0008] 

Ni, Co, Cu, Ag and Au which form weaker bonds with elements such 
10 as carbon and oxygen than Ti are used as coating metals, and by coating 
these to a thickness of from 0.05 to 5 ^m on the Ti-based powder surface it 
is possible to suppress the ingress of carbon and oxygen into the Ti 
powder. If the coated thickness is less than 0.05 jim then it is impossible 
to cover the Ti-based powder surface uniformly and carbon and oxygen 
15 gain entry and it is impossible to produce a sintered compact which has a 
low carbon and a low oxygen content. Furthermore, if the coating exceeds 
a thickness of 5 \im then the ductility of the material is reduced by the 
increase in the alloying element content and the effect of the invention is 
not realized. 
20 [0009] 

Any method, such as the mechanical compositing method and the 
plating method may, be used as the method of coating one or more type of 
meal selected from among the group comprising Ni, Co, Cu, Ag and Au on 
the Ti-based powder surface. It is carried out in the following way with the 

25 mechanical compositing method. Using a pulverizing machine such as an 
attriter, ball mill, vibration mill or angstrom mill, for example, the Ti-based 
powder and the coating powder are introduced into the pulverizing machine 
and a coating treatment is carried out for from 15 to 120 minutes. The 
operation is preferably carried out under vacuum, in an N2 atmosphere or 

30 in an inert gas atmosphere such as an Ar atmosphere in order to prevent 
the occurrence of oxidation. The added coating powder may be of one 




type or of a plurality of types. Both non-electrolytic plating and electrolytic 

plating can be used as plating methods. 

[0010] 

Organic binders can be used in the metal powder injection moulding 
5 method. The known binders can be used. Kneading machines with which 
kneading can be carried out with a shearing action such as a pressure 
kneader, a plastomill, a roll mill, a Banbury mixer, a single screw mixing 
machine, a twin screw mixing machine or the like can be used for 
kneading, but kneading may also be carried out using a combination of two 

10 or more types of machine. No particular limitation is imposed upon the 
order of kneading and any order can be used. Furthermore, all of the 
binder component and the powder may be kneaded at the same time, or 
the powder my be introduced and kneaded after first kneading all of the 
binder component. Furthermore, a component comprising powder and 

15 binder may be kneaded first of all and then the remainder of the binder 
component may be added subsequently. However, the kneading is carried 
out in each type of kneading machine under conditions where the 
maximum shear stress during kneading is not more than 2x10^ Pa. The 
shear stress is preferably from 1 x 10^ Pa to 2 x 10^ Pa. It is not possible 

20 to knead the powder and binder together uniformly with a shear stress of 
less than 1x10^ Pa. If a shear stress which exceeds 2 x 10^ Pa is applied 
then the coating of the Ti-based powder peels away and it becomes 
impossible to suppress the ingress of carbon and oxygen, and it is 
impossible to obtain a sintered compact which has a low carbon content 

25 and a low oxygen content. The shear stress during kneading is measured 
using the method defined in the way indicated below. That is to say, a 
compound is kneaded at the prescribed kneading temperature and 
kneading time and the product of the shear velocity generated during 
kneading and the viscosity at the kneading temperature measured with a 

30 capillary rheometer is taken to be the shear stress during kneading. 
[0011] 

The moulding can be carried out using an injection moulding 
machine generally used for moulding thermoplastic materials. The 




injection system may be of the plunger type, the plunger pre-plast type, the 
screw pre-plast type or the in-line screw type. However, the injection 
moulding is carried out under conditions such that the maximum shear 
stress which acts on the compound in the pre-plasticization stage or during 
5 injection is not more than 2x10^ Pa. If a shear stress above this level is 
applied then the coating of the Ti-based powder peels away and in the 
ingress of carbon and oxygen cannot be suppressed, and it is not possible 
to produce a sintered compact which has a low carbon content and a low 
oxygen content. The shear stress during injection nioulding is measured 

10 using the method defined in the way indicated below. That is to say, the 
product of the viscosity of the compound at the injection moulding 
temperature measured with a capillary rheometer and the shear velocity 
generated during the preliminary plasticizing stage or injection is taken to 
be the shear stress. 

15 [0012] 

Degreasing is preferably carried out using the thermal degradation 
method in a non-oxidizing atmosphere or under reduced pressure in order 
to prevent the occurrence of oxidation. Sintering is carried out in a non- 
oxidizing atmosphere or under vacuum. 
20 [0013] 

Example 1 

M) Examples with the Mechanical Compositing Method 

Ti powder of the average particle size shown in Table 1 and one or 
more type of metal powder selected from the group comprising Ni, Co, Cu, 

25 Ag and Au which formed the coating material indicated in Table 1 were 
introduced into a high speed rotary ball mill (attriter) and subjected to a 
compositing treatment for 60 minutes at a rotation rate of 300 r.p.m. in an 
N2 atmosphere. WC was used for the pulverizing balls and the treatment 
was carried out with water-cooling. Coated powders with a coating 

30 thickness of from 0.03 to 5.8 iim were prepared by adjusting the amount of 
coating powder added. The thickness of the coated material was obtained 
from the results of observing the powder cross section with a scanning 
electron microscope (SEM) after embedding powder which had been 




subjected to the compositing treatment in a resin and grinding. These 
coated powders were then kneaded with an organic binder comprising 
thermoplastic resin, wax and plasticizer in a pressure kneader at the 
maximum shear stress shown in Table 1 to prepare compounds for metal 
5 powder injection moulding purposes. Tensile strength specimens 
measuring 55 x 10 x 3 mm were moulded from these compounds using an 
injection moulding machine at the maximum shear stress shown in Table 
1 . The mouldings were degreased by raising the temperature to 450°C in 
nitrogen for a period of 48 hours and then they were maintained at 1200^*0 
10 for 2 hours in argon gas and sintering was carried out. 
[0014] 

As comparative materials, Ti powder and the same coating powders 
were mixed in a V-type blender and then kneading, moulding, degreasing 
and sintering were carried out In the same way to prepare sinters. 
15 [0015] 

The results of analyzing the carbon and oxygen contents and the 
measured results for the tensile strengths and hardnesses of the 
abovementioned sintered compacts are shown in Table 1 and Table 2. 
The sintered compacts obtained with the method of the present invention 

20 displayed low carbon contents and oxygen contents when compared with 
the comparative materials. Furthermore, sintered compacts where alloy 
coating had been carried out also revealed this effect. The tensile strength 
was seen to rise as the oxygen content fell and, conversely, the hardness 
exhibited a low value and the brittleness was improved by coating the Ti 

25 powder. 




[0016] 



Table 1 





Ti Powder 
Average 
Particle 

Size (urn) 


Material 


Coating 
Thickness 
(^xm) 


Maximum 
Shear Stress 

During 
Kneading (Pa) 


Maximum Shear 
Stress During 

Injection 
Moulding (Pa) 


Comparative Ex. 


8 


Ti -0.5% Ni 


0.03 


8x lO'* 


6x10* 


This Invention 


8 


rj-2% Ni 


1.2 


8x 10" 


6x10* 


This Invention 


8 


Ti-6% Ni 


2-4 


8x10* 


2x10=* 


Comparative Ex. 


8 


Ti-15%Ni 


6.2 


8x 10' 


2 X 10* 


Comparative Ex. 


8 


Ti-0.5% Co 


0.03 


8x 10' 


6x10* 


This Invention 


8 


Ti-6% Co 


2 


2x 10=* 


6x10* 


Comparative Ex. 


8 


Ti-6% Co 


2 


8x 10* 


5x10* 


Comparative Ex. 


8 


Ti-6% Co 


Mixed 
powder 


8x10* 


6x10* 


Comparative Ex. 


8 


Ti-20% Co 


5.8 


8x 10* 


6x10* 


This Invention 


28 


T»-5% Cu 


1.9 


. 1 X 10^ 


2x10* 


This Invention 


28 


Ti-5% Cu 


1.9 


8x10* 


6x10* 


Comparative Ex. 


28 


Ti-5% Cu 


Mixed 
powder 


8x 10* 


6x10* 


This invention 


28 


Ti-6% Aq 


2.1 


8x10* 


6x10* 


Comparative Ex. 


28 


Ti-6% Aq 


2.1 


5x10* 


6x10* 


Comparative Ex. 


28 


Ti-6% Ag 


Mixed 
powder 


8x10* 


6x10* 


This Invention 


28 


Ti-6% Au 


1.9 


8x10* 


6x10* 


Comparative Ex. 


28 


Ti-6% Au 


Mixed 
powder 


8x10* 


6x10* 





C Content 
(%) 


O Content 
(%) 


Tensile Strength 
(kg/mm^) 


Hardness 
Hv 


Comparative Ex. 


0.5 


0.8 


108 


353 


This Invention 


0.2 


0.3 


184 


210 


This Invention 


0.2 


0.3 


195 


230 


Comparative Ex. 


0.5 


0.8 


110 


411 


Comparative Ex. 


0,4 


0.7 


115 


322 


This Invention 


0.2 


0.3 


180 


198 


Comparative Ex. 


0.6 


0.8 


116 


370 


Comparative Ex. 


0.6 


0.9 


96 


365 


Comparative Ex. 


0.5 


0.8 


102 


385 


This Invention 


0.3 


0.4 


170 


241 


This Invention 


0.3 


0.4 


177 


233 


Comparative Ex. 


0.7 


0.9 


110 


381 


This Invention 


0.2 


0.3 


193 


184 


Comparative Ex. 


0.6 


0.9 


120 


379 


Comparative Ex. 


0.6 


0.9 


99 


376 


This Invention 


0.2 


0.3 


179 


206 


Comparative Ex. 


0.7 


0.9 


112 


394 




[0017] 



Table 2 





Ti Powder 
Average 
Particle 

Size luxn) 


Material 


Coating 
Thickness 
(^im) 


Maximum 
Shear Stress 

During 
Kneading (Pa) 


Maximum Shear 
Stress During 

Injection 
Moulding (Pa) 


This Invention. 


28 


Ti-1% Ni-4% Ag 


2.2 


8x10^ 


6x10^ 


Comparative Ex. 


28 


Ti-1%Ni-4% Ag 


2.2 


8x lO'* 


3x lO"* 


This Invention 


8 


Ti-3% Ni-3% Co 


2.6 


8x10^ 


6x10* 


Comparative Ex. 


8 


Ti-3% Ni-3% Co 


2.6 


5x10'' 


6x10=* 


This Invention 


28 


Ti-1 % Ni-1 % Co-1 .5% Cu 


1.5 


8x10^ 


6x10" 


This Invention 


28 


Ti-1 % Ni-1 % Co-1 .5% Cu- 
2%Aa 


2.7 


8x10'' 


6x10" 





C Content 


O Content 


Tensile Strength 


Hardness 




(%) 


(%) 


(kg/mm^) 


Hv 


This Invention 


0.2 


0.3 


185 


204 


Comparative Ex. 


0.6 


0.9 


106 


379 


This Invention 


0.3 


0-4 


168 


221 


Comparative Ex. 


0.7 


0.9 


116 


385 


This Invention 


0.3 


0.4 


177 


230 


This Invention 


0.2 


0.3 


181 


216 



5 [0018] 

Example 2 

Examples with the Plating Method 

Non-electrolytic plating of one or more metal selected from among 
Ni. Co, Cu, Ag and Au was carried out on Ti powders of various average 

10 particle sizes. The plating baths used were as shown in Table 3. Plated 
powders with plating thicknesses of from 0.03 to 6 M-m were produced by 
varying the plating time. The plating thickness of the coated material was 
obtained from the results of observing the powder cross section with a 
scanning electron microscope (SEM) after embedding powder which had 

15 been plated in a resin and grinding. These coated powders were then 
kneaded with an organic binder comprising thermoplastic resin, wax and 
plastlcizer in a pressure kneader at the maximum shear stress shown in 
Table 4 to prepare compounds for metal powder injection moulding 
purposes. Tensile strength specimens measuring 55 x 10 x 3 mm were 

20 moulded from these compounds using an in-line screw type injection 
moulding machine at the maximum shear stress shown in Table 4. The 
mouldings were degreased by raising the temperature to 450''C in nitrogen 




for a period of 48 hours and then they were maintained at 1200°C for 2 

hours in argon gas and sintering was carried out. 

[0019] 

Compounds which had been kneaded and moulded with the 
5 maximum sear stress shown in Table 4 were degreased and sintered in the 
same way as comparative materials. 
[0020] 

The results of analyzing the carbon and oxygen contents and the 
measured results for the tensile strength and hardness of the 

10 abovementioned sintered compacts are shown in Table 4 and Table 5. 
The sintered compacts obtained with the method of the present invention 
displayed low carbon contents and oxygen contents when compared with 
the comparative materials. Furthermore, the sintered compacts where 
alloy coating had been carried out also revealed this effect. The tensile 

15 strength was seen to rise as the oxygen content fell and, conversely, the 
hardness exhibited a low value and the brittleness was improved by 



coating the Ti powder. 
[0021] 

Table 3 



Plating 


Plating Bath 


Plating 
Temperature 


Ni 


Nickel chloride (30 g/l) 
Sodium hypophosphite (10 g/l) 
Sodium citrate (10 g/l) 


90°C 


Co 


Cobalt chloride (15 g/l) 
Sodium hypophosphite (10 g/l) 
Sodium citrate (10 g/l) 


90^C 


Cu 


Copper sulphate (29 g/l) 
Sodium bicarbonate (10 g/l) 
Rochelle salts (30 g/l) 
Sodium hydroxide (20 g/l) 
37% Formaldehyde (100 ml/I) 


Room Temperature 


Ag 


Silver nitrate (10 g/l) 
Aqueous ammonia (100 g/l) 
Sodium potassium tartrate (50 g/l) 


Room Temperature 


Au 


Gold chloride (5 g/l) 
Sodium chloride (2.5 g/l) 
Tartaric acid (10 g/l) 
Caustic soda (150 g/l) 
Alcohol (200 ml/1) 


Room Temperature 




10023] 



Table 5 





Ti Powder 
Average 
Particle 

Size (um) 


Material 


Coating 
Thickness 
(^im) 


Maximum 
Shear Stress 

During 
Kneading (Pa) 


Maximum Shear 
Stress During 

Injection 
Moulding (Pa) 


This Invention. 


28 


Ti-1%Ni-4%Aq 


2.4 


8x 10* 


6x10* 


Connparative Ex. 


28 


Ti-1% Ni-4% Aq 


2.4 


8x 10* 


3x10=* 


This Invention 


12 


Ti-3% Ni-3% Co 


2.8 


2x 10' 


6x10* 


Comparative Ex. 


12 


Ti-3% Ni.3% Co 


2.8 


6x 10^ 


6x10' 


This Invention 


28 


Ti-1% Ni-1% Co-1 .5% Cu 


1.8 


8x 10' 


2x10' 


This Invention 


28 


Ti-1% Ni-1% Co-1 .5% Cu- 
2% Aq 


2.9 


8x10* 


6x10* 





C Content 
(%) 


O Content 
(%) 


Tensile Strength 
(kcj/mm^) 


Hardness 
Hv 


This Invention 


0.2 


0.3 


190 


209 


Comparative Ex. 


0.5 


0.8 


120 


382 


This Invention 


0.3 


0.4 


153 


236 


Comparative Ex. 


0.7 


0.9 


112 


391 


This Invention 


0,3 


0.4 


169 


245 


This Invention 


0.2 


0.3 


177 


220 



5 [0024] 

Effect of the Invention 
As described in detail above, the present invention is characterized 
in that one or more type of metal selected from among Ni, Co, Cu, Ag and 
Au is coated to a thickness of from 0.05 to 5 ^im using a mechanical 

1 0 compositing method of the surface of Ti powder for metal powder injection 
moulding purposes and the coated powder is kneaded, moulded, 
degreased and sintered and, moreover, It is characterized in that Ti-based 
powder where one or more type of metal selected from among Ni, Co, Cu, 
Ag and Au has been coated to a thickness of from 0.05 to 5 ^m using a 

15 mechanical compositing method or a plating method on the surface of Ti- 
based powder for metal powder injection moulding purposes and a binder 
are kneaded with a maximum shear stress of not more than 2 x 10^ Pa and 
then injection moulded with a maximum shear stress of not more than 2 x 
10^ Pa, degreased and sintered. 

20 [0025] 

By means of the present invention it is possible to produce Ti-based 
alloy sintered compacts which have a low carbon content and a low oxygen 
content by the metal powder injection moulding method by covering the 




surface with a metal which has weaker bonding with the elements carbon 
and oxygen than Ti for the coated metal powder and setting the maximum 
shear stress to not more than 2 x 1 0^ Pa when kneading these Ti particles 
with an organic binder, and to provide a marked improvement in respect of 
the brittleness which is a problem with Ti alloys. 




[0022] 

Table 4 





1 1 nowoer 


iviaienai 


Coating 
1 niCKneso 
(^im) 


Maximum 

Di irinn 

Kneadino (Pa\ 


iviaximum onear 

Qtroee r^i trinn 

11 ijcoiiwii 1 
MoLiidinn (Pr\ 


Lrornparaiive tx. 


Q 

O 


Ti n RO/ Kli 
1 l-U.O /o INI 


U.Uo 


OA 1 U 


D X 1 V 


1 nis invsniion 


D 
O 


1 1*^^ /o INI 




ft Y in** 

OA 1 W 


OA IV/ 


1 nis invBniion 


D 
O 


1 l-O yo INI 




o V 1 n^ 

<C A 1 U 


D X 1 U 


oomparsiive tx. 


Q 

O 


TI 1 CO/ m: 
1 f-lOTo INi 




ft Y 1 n* 
ox 1 u 


ft V m** 

D X 1 U 


ComparatlvG Ex. 


O 
O 


1 l-U.O /oUO 




O X lU 


ft V in* 

D X 1 U 


ComparativG Ex. 


o 
o 


1 (-b % OO 


U.U4 


o x lU 


D X 1U 


1 nis invenuun 


Q 
O 


1 l-O /o V^O 




ft Y lO* 

OA 1 w 


£ A 1 W 


Comparative Ex. 


8 


Ti-6% Co 


2.7 


3x10' 


6x10' 


Comparative Ex. 


8 


Ti-20% Co 


5.8 


8x10** 


6x10** 


This Invention 


28 


Ti-5% Cu 


2.6 


8x10" 


6x10" 


Comparative Ex. 


28 


ri-5% Cu 


2.6 


3x 10' 


6x10" 


Comparative Ex. 


28 


Ti-5% Cu 


2.6 


8x 10" 


4x10'' 


This Invention 


28 


Ti-6% Ag 


2.4 


8x 10" 


6x10" 


Comparative Ex. 


28 


Ti-6% Aq 


2.4 


8 X 10" 


4 X 10=* 


This Invention 


28 


Ti-6% Au 


2.1 


1 x 10^ 


6x10" 


Comparative Ex. 


28 


Ti-6% Au 


2.1 


5x10=* 


6x10" 





C Content 


O Content 


Tensile Strength 


Hardness 




(%) 


(%) 


(kg/mm^) 


Hv 


Comparative Ex. 


0.5 


0.8 


115 


354 


This Invention 


0.2 


0.3 


195 


206 


This Invention 


0.2 


0.3 


189 


225 


Comparative Ex. 


0.5 


1.1 


98 


393 


Comparative Ex. 


0.4 


0.7 


116 


315 


Comparative Ex. 


0.4 


0.7 


120 


320 


This Invention 


0.2 


0.3 


183 


189 


Comparative Ex, 


0.6 


0.9 


94 


355 


Comparative Ex: 


0.5 


0.7 


19 


390 


This Invention 


0.3 


0.4 


188 


233 


Comparative Ex. 


0.7 


0.9 


106 


368 


Comparative Ex. 


0.7 


0.9 


116 


380 


This Invention 


0.2 


0.3 


196 


190 


Comparative Ex. 


0.7 


1.1 


97 


392 


This Invention 


0.2 


0.3 


190 


200 


Comparative Ex. 


0.7 


0.9 


126 


384 
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